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EchocardiographyAbstract Aim: This prospective study aimed to evaluate the heart murmurs and nature of heart
disease found among new referral of children at pediatric outpatient clinics of Sohag University
hospital. The study depended on Doppler echocardiography as a diagnostic standard for differen-
tiation of heart murmurs and precise evaluation of innocent murmurs.
Methods: The study was conducted on 183 patients with heart murmur from 6 weeks to 12 years
old for new referral at pediatric outpatient clinics for 1 year. All patients underwent cardiac auscul-
tatory examinations and Doppler echocardiography examination.
Results: Of 183 patients, 97 children were males (53.28%). Innocent murmurs were found in 98
patients (53%) and pathological murmurs in 85 patients (47%). The most common pathological
murmur is VSD (23%), followed by RHD (MR) (12%). There was no statistically signiﬁcant dif-
ference between innocent and pathological murmurs regarding age, sex, consanguinity and other
sibling who had CHD as in Table 3.
Conclusions: Several healthy children are referred to pediatric cardiologists or for echocardiographic
examination. Physician anxiety is an important reason for a referral of the children to pediatric car-
diologists. Echocardiography provides a deﬁnitive diagnosis and is recommended for evaluation of
any potentially pathologic murmur, and for evaluation of infant heart murmurs because these are
more likely to be manifestations of structural heart disease. Cardiac examination should remain
the ﬁrst line diagnostic tool of every clinician; echocardiography should not replace it.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of The Egyptian Pediatric
Association. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).Introduction
Innocent heart murmurs are common in clinical practice, pre-
sent on at least one examination in 50–90% of children and
15–44% of young adults.1–5 In contrast, the incidence of con-
genital heart disease is 0.5–0.8%, with most cases presenting in
infancy and only 1 or 2 per 1000 previously unknown cases
presenting in school-aged children. The primary health care
provider may have difﬁculty determining which patients with
Table 1 Characteristic of studied population.
Characteristic No (%)
Age
2 month–2 years 102 (55.94%)
2–6 years 39 (21.51%)
6–12 years 42 (22.95%)
Sex
Females 86 (46.72%)
Males 97 (53.28%)
Consanguinity
No 123 (67.21%)
Yes 60 (32.79%)
Other sibling with CHD
No 160 (87.70%)
Yes 23 (12.30%)
CHD, congenital heart disease.
Evaluation of heart murmurs in children 7murmurs need specialist referral, especially when there are no
other signs or symptoms of heart disease.6
There are many types of innocent murmur. Still’s innocent
murmur (systolic ejection murmur heard best over the right
upper sterna border), Physiological systolic ejection innocent
murmur (heard best at left upper sterna border),
Supraclavicular arterial bruit innocent murmur (louder on
the right above the clavicle), neonatal peripheral pulmonary
stenosis (PPS) innocent murmur (heard best at base of the
heart, axilla and the back), Cervical venous hump innocent
murmur (continuous hum heard over right upper sterna border
better in sitting), and mammary soufﬂe´ innocent murmur (not-
ed in lactating mother due to increased mammary blood
ﬂow).1
Materials and methods
Study design
Prospective study was conducted on 183 children who were
referred to pediatric out-patient clinic and pediatric cardiology
unit in Sohag University hospital in the period from January
2013 to January 2014.
Inclusion criteria
Any infant and child aged more than 6 weeks and less than
12 years with cardiac murmur without prior echocardiography
or pediatric cardiology consultation.
Exclusion criteria
Any infant and child aged less than 6 weeks and more than
12 years with cardiac murmur or had prior cardiology consul-
tation or echocardiography examination.
All children did not have cardiac murmur.
Ethical consideration
An oral consent will be taken from parents of patients included
in the study and will be introduced to ethics scientiﬁc commit-
tee at Sohag University hospital for approval.
Methods of the study
All children in this study were subjected to the following (as in
attached questionnaire and clinical sheet).
I. Clinical histories focusing on:
1. Complaint and its duration (repeated chest infections,
failure to thrive difﬁcult feeding and heart failure).
2. Socio demographic factors especially:
 Age.
 Sex.
 Family history.
 Consanguinity and its degree.
II. Complete clinical examinations focusing on:
1. General look: cyanosis, pallor, illness.2. Anthropometric measurements: weight and height.
3. Detailed general examinations focusing on:
 Neck: ± engorged pulsating neck veins.
 Upper and lower limbs: ± edema.
 Abdomen: ± organomegaly.
4. Detailed cardiac examinations focusing on:
 Inspection: pericardial bulge or visible pulsations.
 Palpation: apical impulse and palpable thrills.
 Auscultation: heart sounds and murmurs.
All children underwent echocardiographic examination.
Echocardiography. All studies were performed with General
Electric vivid S5 echocardiographic system. A study was con-
sidered normal if no pathologic diagnosis other than trace to
mild tricuspid or pulmonary regurgitation or trace mitral
regurgitation was made. All other studies with structural heart
disease were considered abnormal.
Statistical analysis
SPSS software was used for statistical analysis. Results will be
expressed as Mean, Standard deviation in case of normally dis-
tributed data and median, interquartile range in case of not
normally distributed data. Student’s T test will be used to
determine the differences in cases of normally distributed data
and U test will be used to determine the differences in cases of
not normally distributed data.
Results
In our study most of our studied cases 102 (55.9%) presented
during period from 6 weeks to 2 years with median weight
being 6 Kg, followed by 42 (22.9%) during period from 6 years
to 12 years, then 39 (21.5%) during period from 2 years to
6 years; the less frequent age category (Table 1).
In the children of our study: we detected positive consan-
guinity among parents of 60 cases (32.7%), while 123 of cases
(67.2%) had no consanguinity (Table 1).
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Figure 2 Type of pathological murmur. AS, aortic valve
stenosis; ASD, Atrial septal defect; CAVC, common atrioven-
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children, we found that 23 cases only (12.3%) have other sib-
ling with CHD, and 160 of cases (87.7%) without other sibling
with CHD (Table 1).
We found the main presenting symptoms and sign of cases;
symptoms included physician anxiety 129 patients (70.4%) the
commonest, followed by tachycardia 117 (64%), then fever 78
(42.6%), recurrent chest infection 77 (41.5%), RD 62 (33.6%),
difﬁcult feeding 45 (24.5%), pallor 44 (23.7%), cyanosis 32
(17.2%), FTT 20 (10.6%), and HF 15 (8.2%) the less symptom
category (Table 2).
The innocent murmurs represented in 98 patients (53%)
and pathological murmurs in 85 patients (47%) as in Fig. 1.
The most common pathological murmur is VSD (23%),
followed by Rheumatic heart disease, MR (12%), Pulmonary
stenosis (10.5%), ASD and TOF (7%), A-V Canal defect
(5%), and other causes explained in Fig. 2.
There was no statistically signiﬁcant difference between
innocent and pathological murmurs according to age, sex, con-
sanguinity and other sibling with CHD as in Table 3.
There was a statistically signiﬁcant difference between inno-
cent and pathological murmurs according to recurrent chest
infection, in innocent murmur 23 patients (23%) with this
symptom but in pathological murmur 54 patient (63%) with
this symptom (p< 0.003) as in Table 4.
Also there was a statistically signiﬁcant difference of difﬁ-
cult feeding between innocent murmur 12 patients (12%) and
pathological murmur 33 patients (38%) (p< 0.001).
Furthermore, there was a statically signiﬁcant difference
(p< 0.0001) of physician anxiety between innocent murmur
87 patients (89%) and pathological murmur 42 patients (49%).Table 2 Symptoms and signs of studied population.
Symptoms No (%)
Fever 78 (42.62%)
FTT 20 (10.66%)
Recurrent chest infection 77 (41.51%)
Diﬃcult feeding 45 (24.59%)
Physician anxiety 129 (70.49%)
Tachycardia 117 (63.93%)
Pallor 44 (23.77%)
Cyanosis 32 (17.21%)
Heart failure 15 (8.20%)
RD 62 (33.61%)
FTT, failure to thrive; RD, respiratory distress.
Innocent
53%
Pathological
47%
Figure 1 Distribution of studied population according to type of
murmurs.
tricular canal; CoA, coarctation of the aorta; PDA, patent ductus
arteriosus; PS, pulmonic valve stenosis; TGA, transposition of the
great arteries; TOF, tetralogy of Fallot; VSD, Ventricular septal
defect.
Table 3 Comparison between patients with innocent and
pathological murmur according to characteristics of studied
population.
Characteristic Innocent
murmur N= 98
Pathological
murmur N= 85
P value
Age
2 month–2 years 54 (55.38%) 48 (56.14%) 0.99
2–6 years 21 (21.54%) 18 (21.05%)
6–12 years 23 (23.08%) 19 (22.81%)
Sex
Females 38 (38.46%) 48 (56.14%) 0.05
Males 60 (61.54%) 37 (43.86%)
Consanguinity 26 (26.15%) 34 (40.35%) 0.10
Other sibling with CHD
No 87 (89.23%) 73 (85.96%) 0.58
Yes 11 (10.77%) 12 (14.04%)
CHD, congenital heart disease.According to fever and FTT there were no statistically sig-
niﬁcant differences between innocent and pathological
murmurs.
Table 4 Comparison between patients with innocent and pathological murmur according to symptoms and signs of studied
population.
Variable Innocent murmur N= 98 Pathological murmur N= 85 P value
Fever 39 (40.00%) 39 (45.61%) 0.53
FTT 6 (6.15%) 13 (15.79%) 0.09
Recurrent chest infection 23 (23.08%) 54 (63.16%) 0.003
Diﬃcult feeding 12 (12.31%) 33 (38.60%) 0.001
Physician anxiety 87 (89.23%) 42 (49.12%) <0.0001
Tachycardia 59 (60.00%) 58 (68.42%) 0.33
Pallor 26 (26.15%) 18 (21.05%) 0.51
Cyanosis 6 (6.15%) 25 (29.82%) 0.001
Heart failure 1 (3.08) 14 (14.04%) 0.003
RD 18 (18.46%) 43 (50.88%) <0.0001
FTT, failure to thrive; RD, respiratory distress.
Evaluation of heart murmurs in children 9There was a statistically signiﬁcant difference between inno-
cent and pathological murmurs according to cyanosis, RD and
HF, but no difference according to tachycardia and pallor as
in Table 4.
Discussion
A heart murmur heard ﬁrst at 6 months has been estimated to
carry a 1:7 risk for structural heart disease, and one heard ﬁrst
at 12 months, only a 1:50 risk. After infancy, the reported
prevalence of innocent heart murmurs ranges between 17%
and 66%, with most authors reporting between 40% and
60%.7–9 In reviews from cardiology referral centers, most chil-
dren with newly referred murmurs have no signiﬁcant heart
disease.3
In a study of 222 consecutive patients referred for evalua-
tion of a heart murmur, McCrindle et al.3 found that six car-
dinal clinical signs on cardiac examination proved to be
signiﬁcant independent predictors of the presence of a con-
ﬁrmed cardiac lesion. The six signs were murmur intensity
grade $3, best heard at the LUSB, harsh quality, pansystolic
timing, the presence of a systolic click, or the presence of an
abnormal second heart sound. The authors estimated that if
referring clinicians were reliably able to recognize these six
signs, referrals or direct ordering of echocardiograms might
be reduced by approximately 50%.
In studies of patients referred by primary care physicians
because of heart murmurs either directly for echocardiography
or for evaluation by the cardiologist, only 20–30% of the
patients have pathology.3,10 This supports the conclusion that
expensive testing based on clinical assessment by the primary
provider is probably not cost-efﬁcient when compared to a
strategy of a referral to the specialist prior to testing, but it also
points out the need for improvements in the primary screening
examination. However, recent evidence suggests that proﬁcien-
cy in cardiac auscultation among physicians in training may be
in decline.11–13
Echocardiography provides a deﬁnitive diagnosis and is
recommended for evaluation of any potentially pathologic
murmur, and for evaluation of neonatal heart murmurs
because these are more likely to be manifestations of structural
heart disease.14 It is a non invasive tool and now available in
most pediatric hospitals.
In study by Yi et al. about the cost-effectiveness of different
strategies in evaluation of heart murmurs in children, theyfound the least effective was referring to cardiologist, which
detects 82% of pathologic murmurs. The most effective, strat-
egy was referring all patients to echocardiography, detects
100% of pathologic murmurs. The results were sensitive to
the costs of cardiology referral and ECHO.15
In our study, echocardiography was the most dependant
tool for diagnosis of any heart murmur in children due to
inadequate skills of pediatric residences on performing ade-
quate cardiac examination and to precisely evaluate the inci-
dence of innocent murmurs in children in our institutional
clinics. Physician anxiety was statistically signiﬁcant
(Table 4) in a referral of children with murmurs to do echocar-
diography examination. In previous studies15 which were con-
cerned by the cost of referral to pediatric cardiologists with
echocardiography examination, we recommend the advanced
training programs in cardiology for pediatricians which will
seem to reduce the unnecessary cost.
In another study of 107 children under the age of
10 years with heart murmurs admitted to 3 hospitals in
Baghdad. A comparison was done between provisional clin-
ical diagnosis and echocardiographic examination, in which
provisional and echocardiographic diagnosis were concor-
dant in 52.3% of patient and discordant in 47.7%. This dif-
ference was of high statistical signiﬁcance (p< 0.001). The
author recommended echocardiography for precise evalua-
tion of heart murmurs but the role of comprehensive history
taking and meticulous physical examination must not be
neglected.16
Our study included 183 patients with heart murmur at age
from 6 weeks to 12 years through the period from January
2013 to January 2014.
As regards demographic data, the innocent murmur was
more prevalent in infancy period than in later childhood with
male predominance (n= 97) (Table 1).
This ﬁnding was in agreement with studies of Uner et al.
in Turkey who recorded that 209 patients had innocent
murmur with 129 males and 80 females (as male
predominance).17
In our study the results show that innocent murmur repre-
sents 53% of all murmurs heard in childhood and the patho-
logical murmurs represent only 47%.
In this respect our ﬁndings are similar to the ﬁndings of
John et al, who conducted his study on 161 patient with heart
murmurs by a pediatric cardiologist and conﬁrm diagnosis by
echocardiography, which reported that 113 patient had
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murmurs (30%).18
Thompson et al. consistently reported that 194 patients had
heart murmurs and after Doppler echocardiography recorded
that 95 patients had innocent murmurs (49%), and 99 patients
pathological murmurs (51%).19
Anna et al. consistently reported that 719 patients had
heart murmurs and recorded 447 with innocent murmurs
(62%) and 272 with pathological murmurs (38%).20
On the other hand our ﬁnding disagrees with ﬁndings of
Uner et al. who reported that 243 patients had heart murmurs
after ECHO recorded 209 patients with innocent murmurs
(86%) and only 34 patients with pathological murmurs.
Therefore, our explanation of disagreement between our result
and those of Uner et al. is related to differences in number of
patients included in the study, age of patients from 6 years to
15 years.17
Our data show that the most common structural heart dis-
eases causing pathological murmur are in the order:
Ventricular septal defect (22.81%), Rheumatic heart disease
(12.28%), Pulmonary stenosis, Atrial septal defect, Fallot of
tetralogy and other causes as given in Fig. 2.
In this respect our ﬁndings are similar to ﬁndings of Anna
et al. who reported that the most common structural heart dis-
ease causing pathological murmur in order Ventricular septal
defect, Pulmonary stenosis, Aortic stenosis, Atrial septal defect
ﬁnally Rheumatic heart disease.20 Also Reza et al. who report-
ed that the most common structural heart disease causing
pathological murmur in order Ventricular septal defect,
Atrial septal defect, Fallot of tetralogy, Aortic stenosis ﬁnally
Pulmonary stenosis.21
On the other hand our ﬁnding disagrees with ﬁnding of
Uner et al. who reported that the most common structural
heart diseases causing pathological murmur are in the order:
Rheumatic heart disease, Mitral valve prolapsed, Pulmonary
stenosis, Ventricular septal defect ﬁnally Aortic stenosis. This
disagreement is due to the age of patients of this study from
6 years to 15 years.17
As regards symptomatology of the studied patients, difﬁ-
culties of feeding and recurrent chest infections were promi-
nent features of patients with pathological murmur in
comparison with those with innocent murmur. In contrast,
most of patients with innocent murmur are referred to the car-
diology outpatient clinic due to physician anxiety as declared
in Table 4.
As regards the examination of the studied patients, respira-
tory distress, cyanosis and heart failure were signiﬁcantly
observed in patients with pathological murmur than in patients
with innocent murmur as declared in Table 4. There was no
signiﬁcant difference between innocent and pathological mur-
murs regarding FTT, tachycardia and consanguinity.
Our explanation for no signiﬁcance difference between
innocent and pathological murmurs regarding FTT, that there
are many causes of FTT other than cardiac causes.
Conclusion
Several healthy children are referred to pediatric cardiologists
or for echocardiographic examination. Physician anxiety is an
important reason for referring the children to pediatric cardi-
ologists. Echocardiography provides a deﬁnitive diagnosisand is recommended for evaluation of any potentially patho-
logic murmur, and for infant heart murmurs because these
are more likely to be manifestations of structural heart disease.
Cardiac examination should remain the ﬁrst line diagnostic
tool of every clinician; echocardiography should not replace it.
Study limitations
Some limitations exist in the present study. These include the
relatively small number of patients and the relatively short
period of study. This study depended on Doppler echocardio-
graphic examination only to differentiate between innocent
and pathological murmurs. Another study is recommended,
to compare the cardiac auscultatory skills of pediatric
residences with echocardiographic examination to improve
cardiac auscultatory skills of junior pediatric residences
and reduce the cost of unnecessary echocardiographic
examination.Conﬂict of interest
None declared.References
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